In this issue of Neuron, Karnani et al. (2016) show that ensembles of specific types of inhibitory interneurons generate coordinated activity in mouse visual cortex. They also describe chemical and electrical synaptic mechanisms that may enable diverse interneuron ensembles to function as distinct operational units.
Information is represented in the brain by the coordinated activity of subsets of neurons. This proposition is nearly as old as the field of neuroscience: coactive neurons have been called ''arcs'' (Charles Sherrington), ''assemblies'' (Donald Hebb), ''groups'' (Gerald Edelman), and ''ensembles'' (popular since the 1960s; https://goo.gl/r1tEpa), among other things. Despite more than a century of attention, the neural codes of ensembles remain largely uncracked, and characterizing the activity patterns of large ensembles is still a top priority of international initiatives in brain science (Jorgenson et al., 2015) .
Studies of ensembles in the neocortex have usually focused on its most common and easily recorded neurons, the excitatory pyramidal cells. Interneurons and the inhibition they generate in local circuits are equally critical for proper cortical function, however (Kepecs and Fishell, 2014) . Coordinated, often synchronous firing of action potentials is regularly observed in the neocortex, although the precise functions of spike synchrony are unclear. Synchronous interneuron activity is particularly interesting because local inhibition can regulate the timing, gain, rhythmicity, synchrony, and spatial patterns of pyramidal cell activity (Roux and Buzsá ki, 2015) .
Cortical interneurons have spawned a minor industry in neuroscience. Only 10%-20% of cortical neurons are GABAergic, yet these interneurons are so molecularly, structurally, and electrophysiologically diverse that the field struggles to agree on a classification scheme and nomenclature for them (Ascoli et al., 2008) . Fortunately, the tools for studying interneuron function have been improving rapidly. A key advance is the ability to record the activity of large, genetically identified subpopulations of cells using imaging of intracellular calcium in behaving animals (Chen et al., 2013) . In this issue of Neuron, Karnani et al. (2016) show, in awake mice, that two of the main types of inhibitory interneurons often behave as independent ensembles of coactive cells. The authors also reveal several of the synergistic mechanisms that mediate coordinated activity within each ensemble and interactions across different types of ensembles.
Most interneurons in the rodent cortex fall into three nonoverlapping categories defined by expression of the calciumbinding protein parvalbumin (PV) or the neuropeptides somatostatin (SOM) or vasoactive intestinal polypeptide (VIP) (Rudy et al., 2011) . A few studies had suggested that interneuron ensembles are capable of synchronous activity. For example, fast-spiking cells (which are almost certainly PV interneurons) in the somatosensory cortex of awake rabbits exhibit temporally sharp synchrony as they are driven by strong, divergent thalamic inputs (Swadlow, 2002) . Groups of SOM interneurons, when activated by neuromodulators in vitro, also spike synchronously due to SOM-cell-specific electrical synapses (Beierlein et al., 2000) .
To determine whether the spontaneous activity of distinct interneuron types was correlated, Karnani et al. (2016) monitored either VIP or SOM interneurons in layer 2/3 of primary visual cortex using two-photon imaging of GCaMP6s (a genetically encoded fluorescent calcium reporter), which allows simultaneous imaging of intracellular calcium activity, a correlate of action potentials. To identify VIP or SOM interneurons and separate their calcium signals for later analysis, the authors used specific Cre-driver mouse lines crossed to a floxed reporter line that drove expression of red fluorescent protein in these interneurons. Mice were allowed to run or not, as they chose, on a freely rotating disk in the dark (i.e., without visual stimulation), and the activity of VIP or SOM cells was compared with that of neighboring neurons. The crucial finding was that calcium signals were highly correlated among pairs of interneurons of the same type (VIP or SOM), whereas correlations among all other neuronal pairs were relatively weak.
How is activity coordinated within each type of interneuron ensemble? Rapid interneuron-to-interneuron communication can occur via chemical (GABAergic) inhibitory synapses, electrical synapses (i.e., neuron-to-neuron gap junctions), or both, in patterns that vary with interneuron type (Galarreta and Hestrin, 1999; Gibson et al., 1999) . Mutual inhibition and electrical synapses can each mediate synchronous activity within interneuron networks. Karnani et al. (2016) examined the connections within and between PV, VIP, and SOM interneurons in layer 2/3 of both primary visual and somatosensory cortex by making simultaneous whole-cell recordings from labeled interneurons in vitro. They found that synaptic inhibition among PV cells was common; mutual inhibition was infrequent among VIP interneurons, and it was completely absent among SOM interneurons (Figure 1) . PV, VIP, and SOM interneurons were also interconnected by electrical synapses, but only to cells of the same type.
Do different types of interneuron ensembles interact? The data resoundingly imply that they do. The authors recorded from pairs of mixed interneuron types in layer 2/3 and found that PV cells inhibited SOM cells and vice versa, and VIP and SOM cells also inhibited one another; however, VIP cells were inhibited by PV cells, but did not inhibit PV cells. This contradicts, in one respect, a report by Pfeffer et al. (2013) , who found that PV cells did not inhibit SOM cells in layers 2/3 and 5 of mouse visual cortex. The discrepancy may lie with the inhibitory circuits of visual and somatosensory areas. Karnani et al. (2016) state that the overall pattern of synaptic connectivity between interneurons was similar in visual and somatosensory cortex, but their results in Figure S4 suggest there may be certain differences between these cortical areas. For example, PV cells inhibited SOM cells more often in somatosensory (29%) than in visual cortex (16%). Gibson et al. (1999) also observed a high rate of PV-cell-to-SOM-cell synapses (34%) in layer 4 of rat somatosensory cortex. Moreover, Karnani et al. (2016) reported that the connection rate between VIP and SOM cells in somatosensory cortex was nearly double that of visual cortex (VIP/SOM results were as follows: 40% versus 21%, respectively; and SOM/VIP results were as follows: 56% versus 27%). Together, the data suggest there may be specific regional and laminar differences in inhibitory connectivity across sensory areas of cortex.
The synaptic interconnections within VIP and SOM interneuron subpopulations suggested that interneurons of similar type might cooperatively activate one another. In the most impressive experiments of their study, the authors tested this hypothesis using quadruple simultaneous recordings from homologous interneurons in vitro. They activated either one, two, or three cells by driving them to spike with injected currents while testing the effects on the fourth cell. They found, in both VIP and SOM cells, that as more neighboring interneurons were triggered to fire, the likelihood that the fourth interneuron would also fire increased. Although the mechanisms for this cooperative intrainterneuron activation were unclear, the authors' data suggest both chemical and electrical synapses contribute (Figure 1,  Integration) . Interestingly, acetylcholine (ACh)-perhaps released by VIP cells themselves-may have enhanced cooperativity within VIP ensembles.
Interneurons can also be synchronized by shared excitatory inputs from sources like the thalamus (Gibson et al., 1999; Swadlow, 2002) . Locally, specific synaptic links from pyramidal cell ensembles may drive interneuron synchrony (Yoshimura and Callaway, 2005; Otsuka and Kawaguchi, 2013) . Karnani et al. (2016) assayed local excitatory input using paired recordings, two-photon circuit mapping, and trans-synaptic tracing. Their data hint at the possibility that distinct subsets of layer 2/3 pyramidal cells provide excitatory input to VIP and SOM interneurons (Figure 1, Input) .
What are the roles for multiple types of interneuron ensembles? The remarkable diversity of interneurons implies to many that they are dividing the labor of inhibition (Kepecs and Fishell, 2014) . For example, PV interneurons can control the timing of action potentials in pyramidal neurons in part because they target the perisomatic and axonal region of these cells, whereas SOM interneurons influence the integration of synaptic events by targeting more distal dendrites (Figure 1 , Output). Specific types of coactive interneurons may generate synchronous inhibitory events on local pyramidal neurons, which in turn could help to coordinate their spiking (Long et al., 2005) . VIP interneurons do not directly contact pyramidal cells at all; instead, they selectively target SOM interneurons, thus inhibiting the inhibition of pyramidal neurons.
Studies of cortical interneurons have reached a crossroad. Technical innovations have moved the field beyond taxonomy and circuits, to dynamic functions and roles in behavior. Karnani et al. (2016) reveal that distinct types of interneuron ensembles operating in the awake brain can each generate coordinated activity. They also define some of the mechanisms that mediate these dynamics. The authors' observations inspire many questions, of course. How do interneuron ensembles operate when activated by visual stimuli (the in vivo results were obtained without explicit visual stimulation)? How do different types of interneuron ensembles regulate one another? What is the role of short-term synaptic plasticity (depression and facilitation) on the spiking dynamics of coactive ensembles? How important are electrical synapses for cooperativity and synchrony within ensembles? It is also important to note that PV-, SOM-, and VIP-expressing interneurons are far from homogenous populations (Rudy et al., 2011) , so the number of identified interneuron ensembles may grow beyond the three implied by Figure 1 . Finely subdivided interneuron ensembles might enhance the computational power of the cortex; they would certainly challenge investigators to identify and characterize them. 
